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Description 



[STRUCTURE APPLIED TO A 
PHOTOLITHOGRAPHIC PROCESS AND 
METHOD FOR FABRICATING A 
SEMICONDUCTOR DEVICE] 

Background of Invention 
[0001] Field of the Invention 

[0002] The present invention relates to a structure applied to a 
photolithographic process and a method for fabricating a 
semiconductor device. More particularly, the present in- 
vention relates to a structure applied to a photolitho- 
graphic process for improving critical dimensions unifor- 
mity and a method that utilizes the structure to fabricate a 
semiconductor device. 

[0003] Description of the Related Art 

[0004] | n t he fabrication of a semiconductor device, a number of 
photolithographic processes needs to be carried out. 
Since each photolithographic process is going to affect 



the final quality of the semiconductor device, photolithog- 
raphy is a very important process. For example, accuracy 
of the photolithographic process is a major factor that de- 
termines the highest possible circuit density and the ulti- 
mate reliability of an integrated circuit. Furthermore, the 
photolithographic process affects the positioning and uni- 
formity of metallic interconnects and via plugs connection 
with transistor significantly. 

[0005] However, in a conventional photolithographic process, the 
photoresist layer can hardly absorb all light emitted from 
the photo-exposure light source. Consequently, a portion 
of the incoming light will penetrate through the photore- 
sist layer and reflect from the substrate. The incoming 
light may interfere constructive or destructively with the 
reflected light to produce standing waves. Under such cir- 
cumstances, the profile of the photoresist layer after pho- 
toresist patterning will be fuzzy. 

[0006] jo resolve the back reflection problem, an anti-reflection 
coating is formed underneath the photoresist layer (that 
is, form an anti-reflection layer between the photoresist 
layer and an underlying film layer) to absorb the light that 
penetrates through the photoresist layer during a photo- 
exposure. In the presence of the anti-reflection coating, 



interference between incoming and reflected light is mini- 
mized. In general, the anti-reflection coating is fabricated 
using a dielectric material such as silicon nitride, silicon 
oxynitride or an organic material with high light absorp- 
tion properties. 

[0007] However, the light absorption coefficients of all these ma- 
terials are often insufficiently high to absorb most of the 
incoming light. In other words, a portion of the incoming 
light still penetrates through the anti-reflection coating 
and underlying film layers and gets reflected by the sub- 
strate surface to interfere with the incoming light. More- 
over, the critical dimensions of a photoresist pattern are 
often affected by any varying of thickness in the film layer 
underneath the anti-reflection coating. Ultimately, critical 
dimensions of the photoresist pattern will not be uniform. 
Summary of Invention 

[0008] Accordingly, at least one objective of the present inven- 
tion is to provide structure applied to a photolithographic 
process for stopping light emitted from a light source 
during a photo-exposure from penetrating through a film 
layer to reach a substrate surface. Hence, variation in the 
thickness of the film layer has very little effect on the crit- 
ical dimensions of the photolithographic process. 



[0009] At least a second objective of this invention is to provide a 
method of fabricating a semiconductor device that de- 
ploys the aforementioned photolithographic processing 
structure so that the device can have highly uniform criti- 
cal dimensions. 

[0010] jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a struc- 
ture applied to a photolithographic process. The structure 
comprises a substrate having at least a film layer thereon. 
Furthermore, an optical isolation layer, an anti-reflection 
coating and a photoresist layer are set up over the sub- 
strate sequentially. The optical isolation layer stops in- 
coming light from penetrating through the layer. In one 
embodiment, the optical isolation layer has a light ab- 
sorbing coefficient larger than 1.8. Hence, the amount of 
light that can reach the surface of the substrate during a 
photo-exposure process is greatly reduced. 

[0011] This invention also provides a method of fabricating a 
semiconductor device. First, a substrate is provided. 
Thereafter, at least a film layer, an optical isolation layer, 
an anti-reflection coating and a photoresist layer are se- 
quentially formed over the substrate. A photolithographic 



process is carried out to pattern the photoresist layer so 
that a portion of the anti-reflecting coating is exposed. 
Using the patterned photoresist layer as a mask, the anti- 
reflection coating and the optical isolation layer are pat- 
terned and openings are formed in the film layer above 
the substrate. 

[0012] This invention also provides an alternative method of fab- 
ricating a semiconductor device. First, a substrate having 
at least a film layer, an optical isolation layer, an anti- 
reflection coating and a photoresist layer already sequen- 
tially formed thereon is provided. Thereafter, a pho- 
tolithographic process is carried out to pattern the pho- 
toresist layer so that a portion of the anti-reflecting coat- 
ing is exposed. Using the patterned photoresist layer as a 
mask, the anti-reflection coating and the optical isolation 
layer are patterned. The patterned photoresist layer and 
the patterned anti-reflection coating are removed. Finally, 
using the optical isolation layer as a mask, an etching op- 
eration is carried out to form openings in the film layer. 

[0013] | n the aforementioned photolithographic processing 

structure, an optical isolation layer is set up underneath 
the photoresist layer. Hence, during photo-exposure, 
light from a light source can hardly penetrate through the 



film layer to get a back reflection from the substrate sur- 
face. In other words, thickness of the film layer under- 
neath the photoresist layer has very little effect on the 
critical dimensions of the photolithographic process. 

[0014] | n addition, critical dimensions of the semiconductor de- 
vice in subsequent fabrication process will improve due to 
a better control of the critical dimensions during the pho- 
tolithographic process. Furthermore, the optical isolation 
layer in the aforementioned structure may serve as an 
etching stop layer or a polishing stop layer as well. 

[0015] it is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 
the invention as claimed. 
Brief Description of Drawings 

[0016] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0017] pigs. 1A through IE are schematic cross-sectional views 
showing the progression of steps for forming the contacts 



of metallic interconnects according to a first preferred 
embodiment of this invention. 
[0018] pigs. 2A and 2B are schematic cross-sectional views 

showing a portion of the steps for producing the contacts 
of metallic interconnects according to another preferred 
embodiment of this invention. 
Detailed Description 

[0019] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0020] | n the following description, the process of fabricating the 
contacts of metallic interconnects is used as an example 
to show how the structure of this invention can be applied 
to a photolithographic process. 

[0021] pigs. 1A through IE are schematic cross-sectional views 
showing the progression of steps for forming the contacts 
of metallic interconnects according to a first preferred 
embodiment of this invention. As shown in Fig. 1A, a di- 
electric layer 102, an optical isolation layer 104, an anti- 
reflection coating 106 and a photoresist layer 108 are se- 



quentially formed over a substrate 100. The dielectric 
layer 102 serves as an inter-layer dielectric layer for the 
metallic interconnects and covers a plurality of semicon- 
ductor devices (not shown) and other film layers (not 
shown) already formed on the substrate 100. 

[0022] The optical isolation layer 104 preferably has a light ab- 
sorbing coefficient greater than 1.8. Furthermore, the op- 
tical isolation layer 104 is fabricated using a metallic ma- 
terial or a conductive material including polysilicon, tung- 
sten or aluminum, for example. The anti-reflection coat- 
ing 106 is fabricated using an inorganic material such as 
silicon nitride or silicon oxynitride or an organic material 
suitable for anti-reflection. 

[0023] As shown in Fig. IB, a photolithographic process is carried 
out to pattern the photoresist layer 108 into a patterned 
photoresist layer 108a so that a portion of the anti- 
reflection coating 106 is exposed. 

[0024] N 0te t hat the anti-reflecting coating 106 is able to absorb 
some of the light passing through the photoresist layer 
108 during the photo-exposure in the photolithographic 
process. Any residual light not absorbed by the anti- 
reflection coating 106 is completely blocked by the optical 
isolation layer 104. The optical isolation layer 104 has a 



high light absorption coefficient so that most of the light 
passing through the anti-reflection coating 106 is ab- 
sorbed. Furthermore, the optical isolation layer 104 re- 
flects a portion of the light back onto the anti-reflection 
coating 106 so that the anti-reflection coating 106 can 
reabsorb the light. As a result, the optical isolation layer 
104 is able to block any light heading towards the under- 
lying dielectric layer 102. Consequently, any variation in 
thickness of the dielectric layer 102 underneath the pho- 
toresist layer 108 has little effect on the critical dimen- 
sions of the photolithographic process. That means, the 
critical dimensions produced after the photolithographic 
process is highly uniform. 

[0025] Aside from blocking the passage of light, the optical iso- 
lation layer 104 may serve as an etching stop layer or a 
polishing stop layer in a subsequent process. Details of its 
application are explained below. 

[0026] As shown in Fig. 1C, an etching process is carried out us- 
ing the patterned photoresist layer 108a as a mask to 
form a patterned anti-reflection coating 106a, an optical 
isolation layer 104a and a plurality of contact openings 
110 in the dielectric layer 102. 

[0027] N 0te t hat a definite thickness of the patterned photoresist 



layer 108a, the anti-reflection coating 106a or the entire 
patterned photoresist layer 108a and the anti-reflection 
coating 106a may be etched away after the etching opera- 
tion. However, because the optical isolation layer 104 is 
fabricated using a metallic or polysilicon material in this 
invention, the dielectric layer has an etching rate much 
higher than the optical isolation layer 104. Even though 
the patterned photoresist layer 108a and the patterned 
anti-reflection coating 106a are completely etched away, 
the optical isolation layer 104a can still serve as an etch- 
ing mask to complete the patterning process and form the 
contact openings 110 in the dielectric layer 102. 
[0028] As shown in Fig. ID, the patterned photoresist layer 108a 
and the patterned anti-reflection coating 106a are re- 
moved. If the patterned anti-reflection coating 106a is 
fabricated using organic material, the patterned anti- 
reflection coating 106a and the photoresist layer 108a can 
be removed together in the same process. However, if the 
patterned anti-reflection coating 106a is fabricated using 
inorganic material such as silicon nitride or silicon oxyni- 
tride, a separate etching process must be carried out after 
removing the photoresist. Thereafter, a material layer 
112is formed over the patterned optical isolation layer 



104a so that the contact openings 110 are completely 
filled. The material layer 112 is fabricated using a metallic 
material such as tungsten, copper or a conductive mate- 
rial. 

[0029] As shown in Fig. IE, a chemical-mechanical polishing 
process is carried out to remove the material layer 112 
above the patterned optical isolation layer 104a and ex- 
pose the optical isolation layer 104a. Hence, contacts 114 
are formed in the dielectric layer 102. Note that the pat- 
terned optical isolation layer 104a can serve as a polishing 
stop layer in the chemical-mechanical polishing process. 

[0030] if the contact openings 110 have a high aspect ratio, an- 
other series of step may be performed to form the contact 
openings 110 after patterning the photoresist layer 108a 
(as shown in Fig. IB). The method is explained as another 
embodiment of this invention below. 

[0031] pigs. 2A and 2B are schematic cross-sectional views 

showing a portion of the steps for producing the contacts 
of metallic interconnects according to another preferred 
embodiment of this invention. As shown in Fig. 2A, after 
forming the patterned photoresist layer 108a as shown in 
Fig. IB, an etching operation is carried out using the pat- 
terned photoresist layer 108a as a mask to form a pat- 



terned anti-reflection coating 106a and a patterned opti- 
cal isolation layer 104a. 

[0032] As shown in Fig. 2B, the patterned photoresist layer 108a 
and the patterned anti-reflection coating 106a are re- 
moved. Thereafter, using the patterned optical isolation 
layer 104a as a mask, an etching operation is carried out 
to form contact openings 110 in the dielectric layer 102. 
Since the patterned photoresist layer 108a and the pat- 
terned anti-reflection coating 106a are removed before 
etching the dielectric layer 102, the aspect ratio of the 
contact openings 110 is greatly reduced. Hence, the con- 
tact openings 110 are easier to form. 

[0033] After forming the contact openings 110, conductive mate- 
rial is deposited into the contact openings 110 to form the 
contact as in the first embodiment (refer to Figs. ID and 
IE). 

[0034] since the optical isolation layer effectively stops any light 
from going to the film layer underneath, any variation of 
thickness of the film layer underneath the photoresist 
layer will not affect the critical dimensions of the pho- 
tolithographic process. Furthermore, the optical isolation 
layer may serve as a stopping layer in a subsequent 
chemical-mechanical polishing process or an etching pro- 



cess. 

[0035] Although the process of fabricating the contacts of metal- 
lic interconnects is used in the two aforementioned em- 
bodiments, the applications of the photolithographic pro- 
cessing structure according to this invention are not lim- 
ited as such. In fact, any photolithographic process for 
fabricating a semiconductor device may utilize the struc- 
ture to improve the uniformity of critical dimensions. 

[0036] it w i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



